A novel mechanism of allosteric regulation of archaeal phosphoenolpyruvate carboxylase: a combined approach to structure-based alignment and model assessment.
Phosphoenolpyruvate carboxylase (PEPC) catalyzes the irreversible carboxylation of phosphoenolpyruvate (PEP) and plays a crucial role in fixing atmospheric CO(2) in C(4) and CAM plants. The enzyme is widespread in plants and bacteria and mostly regulated allosterically by both positive and negative effectors. Archaeal PEPCs (A-PEPCs) have unique characteristics in allosteric regulation and molecular mass, distinct from their bacterial and eukaryote homologues, and their amino acid sequences have become available only recently. In this paper, we generated a structure-based alignment of archaeal, bacterial and eukaryote PEPCs and built comparative models using a combination of fold recognition, sequence and structural analysis tools. Our comparative modeling analysis identified A-PEPC-specific strong interactions between the two loops involved in both allostery and catalysis, which explained why A-PEPC is not influenced by any allosteric activators. We also found that the side-chain located three residues before the C-terminus appears to play a key role in determining the sensitivity to allosteric inhibitors. In addition to these unique features, we revealed how archaeal, bacterial and eukaryote PEPCs would share a common catalytic mechanism and adopt a similar mode of tetramer formation, despite their divergent sequences. Our novel observations will help design more efficient molecules for ecological and industrial use.